Pollen development
offers an opportunity for analyzing various stages of differentiation of the cell within the closed system afforded by the microspore or pollen grains which develop synchronously in an anther-loculus. Yet, only a few studies on the ultrastructure and distribution of various cytoplasmic organelles have been reported through the micro sporogenesis and pollen development (e. g. Bal and De 1961) . We have worked out, with the aid of the electron microscopes, changes in the sub microscopic cytoplasmic structures during development of the pollen mother cells and the pollen grains in Tradescantia paludosa.
Behaviour of the cellular membranes such as the endoplasmic reticulum, nuclear envelope and plasma membrane has been reported (Maruyama 1963 (Maruyama , 1966 . It was found also that the cell-organelles such as the Golgi bodies, plastids and mitochondria undergo more or less synchronous developmental changes in each cell as the cells do in each anther-loculus.
The developmental change of the Golgi bodies was reported previously , Maruyama 1965 . The present paper deals with the changes of the plastids and the mitochondria during microsporogenesis and pollen development in Tradescantia paludosa. the later stages, and therefore are identified as plastids. In the pollen, plastids are distinguished easily from mitochondria by big difference of the size. In addition, when observed at higher magnification, the plastids are found to contain numerous small particles of about 80 A in diameter which are seen by both KMnO4 and osmium fixation (Figs. 12b and 13b) , while the mitochondria reveal to contain a few, electron-dense granules of about 200 A in diameter by osmium fixation (Fig. 13b) . Although the width of the limiting membranes of the plastids and the mitochondria measures about 70 A, total of the width of the paired double limiting membranes is 180 A for the plastids while more than 200 A for the mitochondria. Furthermore, the inner limiting membrane of the plastids is more electron-dense than the outer one (Fig. 12b) , while the inner and the outer membranes of the mitochondria look similar. At diakinesis, some of the plastids are observed even in thin sections to contain starch grains in the matrix of the organelle (Fig. 3) . From this stage on through meiosis, the plastids keep their amyloplastic nature, and most of the plastids show the accumulation of starch (Figs. 4, 5 and 6). one has the identical value of diameter with that of the width of the elongated one, most of them may represent the cross sectional view of the elongated mitochondria. The cristae are anyhow defined, but are not highly developed in the mitochondria. The round mitochondria seen in thin sections contain two to four vesicles of 500 A in diameter or tubules. At pachytene constriction figure of the mitochondria is often seen (Fig. 2) . In either sides of the constriction there are a few vesicles or tubules. Then, at diakinesis rod-shaped mitochondria are not found, and all the mitochondria seen in thin sections are round in shape (Fig. 3) Changes in the uninucleate microspore. After meiosis, when the tetrads separate into individual microspores, the plastid is amyloplastic, and contains a fairly large starch grain (Fig. 7) . When large vacuoles develop in the microspore, the starch grain reaches to the maximum in size (Fig. 8) . In such amyloplasts, vesicles or tubules are rarely seen. As the plastids accumulate starch, the plastids tend to become spherical from ellipsoidal in form in general (Table 1) . At a little later stage of microspore development in which a giant vacuole has just formed in the microspore (early vacuole stage; bud length 7mm), the plastids contain small or no starch grains and are often constricted in the middle of the organelle (Fig. 9 ). In these plastids, a few vesicles and tubules are seen again at the periphery. At the next stage (mid-vacuole stage; bud length 7.5mm), the plastids are in proplastid state, but some of them contain starch grains again ( Fig. 10) . At late vacuole stage (bud length 8mm), just before postmeiotic mitosis, a full development of plastids to the amyloplast is attained, and a huge starch grain occupys almost whole space of the plastid (Fig. 11) . During the first postmeiotic mitosis in the microspore, plastide again contain smaller starch grains than the previous stage and show frequently constriction figures (Fig. 12 ). structures inside (Fig. 12) . Changes in the vegetative cytoplasm of the binucleate pollen grains. Just after the postmeiotic mitosis, the plastids are in the proplastid state, and contain vesicles and thylakoids (Fig. 13) Accumu lation of the cisternae of the endoplasmic reticulum has disappeared , and numerous cisternae amyloplast proceeds as the stages go on. When the generative nucleus gets oblong, some of the plastids are seen to contain starch grains , and when the generative nucleus has elongated further to crescent in shape, a fairly large starch grain is seen commonly (Fig. 14) . The maximal accumulation of the starch in the plastids is seen at the stage when the petals of the flower-buds have turned purple in color (Fig. 15) . However, the plastids contain smaller starch grains at the stage in which the flower has opened than at the previous stage (Fig. 16) 
Materials and methods

Anthers
Conclusion
Electron microscope observation revealed that the plastids and the mito chondria take varied forms during the microsporogenesis and pollen develop ment. The structure of either organelle at a given stage is more or less similar, indicating that more or less synchronous changes of the organelles take place in the cell. The forms of the plastids and the mitochondria at varied stages are diagrammatically represented in Text- fig. 1 , together with those of the Golgi bodies (cf. Maruyama 1965) for the use of reference.
Changes of the plastids during pollen development are differentiation of proplastids towards amyloplasts by the accumulation of starch. The proplastids observed in this study are ovoid in shape and contain a few vesicles and thylakoids. The organelle accumulates starch in the matrix more and more as the stage proceeds, and is finally filled up by one or two large starch grains. Such development of the plastids towards amyloplasts is seen three times during pollen development; (1) during meiosis, (2) during uninucleate microspore development, and (3) during binucleate pollen grain differentiation. The maximal accumulation of starch in the plastids is followed by the concurrent events of the diminution of starch and the appearance of the constriction figure of the organelle. At the next stage the plastids are devoid of starch grains completely, resuming the structure of proplastids. The constriction figures of plastids and mitochondria may not necessarily represent division of the organelles (cf. Kassermann 1962 , Stempak 1967 . The plastids and the mitochondria increase in number to a great extent during pollen development. Therefore, in the case of the pollen development, the con striction figures are assumed to represent actual division of the organelles. It takes place during the periods of swiching-over of amyloplasts to proplastids in the case of the plastids, and it is followed by metamorphosis in the case of the mitochondria. Because of the synchronous development and the simul taneous division of either organelle, we can recognize generations of the organelles during pollen development. In the case of the plastids, the first generation is recognized in the pollen mother cell, the second in the uninucleate microspore, the third in the binucleate pollen grain. In every generation the plastids develop from proplastids to amyloplasts and change their shape from ellipsoid to round (Table 1 ). In the case of the mitochondria the first gener ation is found in the archesporial cells and lasts until early prophase of meiosis, the second from mid-prophase of meiosis until an early stage of binucleate pollen grain development, the third in the later stages of binucleate pollen grain development. On the contrary to the plastids, the mitochondria have charac teristic dimension (Table 2 ) and morphology for each generation; in the first generation the mitochondria are rod-like in shape, in the second they are small spheroids at the early stages and then grow to large ovoids, and in the third they contain long cristae that run parallel to the long axis of the organelle.
Changes of the organelles are successive even through generations for either organelle. That is, the continuity of the plastids or of the mitochondria is kept through the alteration of generation that accompanys profound morpho logical changes, although the Golgi bodies which develop also cyclically three times during pollen development (see Text- fig. 1 ), do not show clear continuity through generations (Maruyama 1965). We could not get any reliable evidence of new formation of the plastids and the mitochondria from other subcellular structures such as the nuclear envelope (plastids-Bell et al. 1966 , mitochodria -Hoffman and Grigg 1958 , Brandt and Pappas 1959 , Peter and Muhlethaler 1964 , the plasma membrane or pinocytotic vacuoles (Geren and Schmit 1954, Gey 1956 ), the endoplasmic reticulum (Eichenberger 1953), the Golgi bodies (Dempsey 1956 , Lever 1956 ), the microbodies or dense bodies (Rouiller and Bernhard 1956 , Weissenfels 1958 , Hudson et al. 1961 ) and so on. Nor could we get any sign of de novo synthesis of the organelles by the spontaneous assembly of proteins and lipids (Berger 1964, Threadgold and Lasker 1967) . Develop ment of the plastids and the mitochodria is mutually independent, and no evidence was obtained that suggests interconversion between the plastids and the mitochondria.
As to the generation of the organelles, plastids, mitochondria and Golgi bodies do not keep step with each other (see Text-fig. 1 ). Yet, it should be noted the fact in the system in which a population of cells develops synchro nously in an anther-loculus that every organelle in the cell develops also synchronously. 
Summary
Changes in the structure of plastids and mitochondria were observed with the electron microscope during the microsporogenesis and pollen development of Tradescantia paludosa. It was found that either organelle develops more or less synchronously and divides simultaneously within certain limited periods. Generation of the organelles is, thus, recognized.
The plastids develop from proplastids to amyloplasts in each generation. The mitochondria take charac teristic morphology for each generation (Tex- fig. 1 ). On the contrary to the Golgi body, the plastids and the mitochondria keep their continuity through alteration of generation; namely, at the division periods amyloplasts turn to proplastids by diminution of starch in the case of the plastids, and the meta morphosis of forms or internal structures takes place in the case of the mito chondria.
